Introdution
The tunnel is one of the important facilities of railroad and highway transportation, and also a throat of railroad and highway. With the development of transportation, plenty of tunnels are constructed and still under construction in the most parts of the world. It is required to be designed for terminal devices along the tunnel to control polluted air such as smoke or poisonous gas produced inside the tunnels. Extreme damages due to the polluted air in a long corridor or tunnel threaten the people's life. What is worse, the narrow and enclosed special construction inside the tunnel does not easily lead to the vehicles and personnels out a safer place.
A turbulent flow in a rectangular tunnel is an active area of research because of its wide practical applications to heat exchanger tube bundles, to smoke exhaust devices, and to cooling systems for nuclear power plants [1] . So there has been a considerable amount of theoretical and experimental works committed to the study of different aspects of laminar or turbulent flow structure in rectangular tunnels or tube bundles.
The analysis of turbulent flow phenomena in a rectangular tunnel has been studied by many investigators so far. Aiba et al [2] . observed a mean and turbulent intensity measurement in inline and staggered tube bundles using a two-component hot-wire anemometer when the pitch ratios were arranged from 1.2 to 1.6 and the Reynolds number was 30000. Kim et al [3] . performed flow visualization in rectangular ducts, in which the aspect ratios were 1/2 and 1/5. Bonhoff et al [4] . [5] . It is used to study the flow characteristics in a rectangular tunnel by providing instantaneous velocity vectors and mean vorticity fields [6, 7] . As for the reliable whole field measurement technique and lots of special implementations in the PIV system, the instantaneous velocity fields, pressure distributions, vorticity maps, turbulent intensity, and kinetic energy fields are provided [8, 5] . Although having a lot of advantages for the system, it is difficult to quantify the concentration variations of the polluted air by conducting a modeling experiment completely.
The CFD tools remain the most powerful method to predict the flow behavior, which has the strong points such as accuracy, convenience, and cost-saving. Therefore, the application of CFD has become widespread for various engineering problem solving. Nuri et al [9] . conducted an experimental and numerical study to investigate fire behaviors in 
Experimental PIV Approach
In the PIV system, an optically transparent test section to visualize the flow motion should be made to observe tracer particles by using a light source for the data acquisition. 
CFD Simulation
In order to investigate the velocity fields, the 
Results and Discussions
The experimental flow is an atomizing air from 
Pressure distributions using CFD analysis
In order to get better visualization for pressure distributions, the vertical dimension has been enlarged in the x-y plane. Figure 7 shows the pressure distribution using CFD analysis along with three different Reynolds numbers in the rectangular tunnel model which is closed at both end sides.
The outlet is installed at 60 mm away on the ceiling in the x-z plane from the centerline of the inlet.
The pressure is generally low at the inlet, while it attains to the maximum value on the left side of the outlet in the ceiling zone. show that an appropriate ventilation or opening must be maintained to provide the evacuation way for people in danger.
Conclusions
In this work, an experimental and numerical 
